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(57) Abstract: A laser beam machining method and a laser 
beam machining device capable of cutting a work without pro- 
ducing a fusing and a cracking out of a predetermined cutting 
line on the surface of the work, wherein a pulse laser beam (L) 
is radiated on the predetermined cut line (5) on the surface (3) 
of the work (1) under the conditions causing a multiple photon 
absorption and with a condensed point (?) aligned to the inside 
of the woik (1), and a modified area is formed inside the work 
(1) along the predetermined cut line (5) by moving the con- 
densed point (P) along the predetermined cut line (5), whereby 
the work (1) can be cut with a rather small force by cracking the 
work (1) along the predetermined cut line (5) starting from the 
modified area and, because the pulse laser beam (L) radiated 
is not almost absorbed onto the sur&ce (3) of the work (1), the 
surface (3) is not fused even if the modified area is formed. 
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W/cm2) X^t.y)^ M^«tr— ^j^^l X 1 08 (W/cin2) J[J;^J:®^f4: ' 
#^J^ (W/cm2) -^^^^o 



43 



wo 02/22301 



PCT/JPOl/07954 



iv-imim-^tzmmmx:^ > ^ 5 3 {^^-ripxmt; 1 <Dv-vi^fc^& 

® 1 :RtF^ 2 fer^-r J: a iDxmti 1 ©^M 3 {i-^if^^^ > 5 

dtilc:J;Ds ^3-'EI5fc:^'r<fca lz.^mmM 7 IfiWrn^^^^ > 5 {i^&o Tin 
x^^tii©rt^t::©a«^?l^^^tiSo :*:|lifiiB^fc^«v-lf»ax;^^S«. Jnx 

Mm.m 1 ^i/-if»^TO-r§ :i i:{c<fc Dinxmtj 1 ^mm^^x^mmm 
7 ^B^;r^®T•^i^cv^o mT.nm.m 1 J3 ^~if^L^3®©^-e:jnx^^ii& 1 © 

l©^®3Tii:^-1fj(teL^s{^i:^miR^tl3&^r^©-e> iDX^i^lCD^®3 
c: i: < Jnx^^tJ 1 ©-^^f *s qrt^ jfe :5 o 



44 



wo 02/22301 



PCT/JPOl/07954 



(1) - (3) dsafe^o 
*3fc;^<&•^t)'frT^ a^j^ic^oit^m^^^dsi X 1 0« (W/cm2) ^^±-^}iPO 

mmmm^ti^o mw-Wim0±mmthxi±. m^itix i o (w/cm2) 

X^^o >'Vl/:^«ii±f!lx.Ji lns~2 0 Olls:^J5^^X/V^o ^^-^iKJRlci 



45 



wo 02/22301 



PCT/JPOl/07954 



(A) iJUX^^i^ : ^Uly^y^X:^^:;^ (m^ 7 0 0 um) 

(B) U-1f 

^M. : 1 0 6 4 iim 

l^— if3fe;^2j^5/ hiHf®^: 3. 14xl0-8cm2 

i^DagbM«S[i( : lOOkHz 
; 3 Ons 

1/— If^ffi© : TEMoo 

(C) ^^ffll^>X 

1/— if3te^Sfc:^-rs^^ : 6 0 >>1— fe > h 

(D) *DXmtlAS«M^tt§«m^©^i(l3tjei^ : 1 0 Omm/# 

tt3:^o ^'^y^:^:!^^ h(D:k'^^it^ h(Dm^(D^-^m:k<DM 

) (D^^ifil 0 O^v liP^ (NA) ^0. 8 OOJ^-^T-feSo e;^^:7cti 



46 



wo 02/22301 



PCT/JPOl/07954 



(Di^%l!^-ry'—^ii:m^Bl^>:^ (C) CD^^ib^S 0^. Unit (NA) ifiO 
, 5 5®:^#-efeSo K—:!7AU-m^il^lO^^ (W/cm2) a^^j&^^JDX^^ 

d K:^ ^ 5/ tJ' muoLMMm 1 ©^M 3 tUM 2 1 U Ml 1 td^-T i 
^^t>^X. ^^^fc*5it^m#^J^>bsi X 1 0« (W/cm2) U:i±X'ifi'DJV]^:^ 

<toTMflffe?j{::jnfi^tiSo ^©inl^lc:<fc t)Snxmi^(Z)i*igPk:^iftMS^J^*$ 

So ^t^. mmmmmm^i^^m^mT^. wmMmms^m^m^iz^i^^x. ^ 
?>mmmi(DmMi!imhLitmmt\,^'^^t^x^^o o*?)^ m^m 



47 ' 



wo 02/22301 PCT/JPOl/07954 

W/cni2) So fV\,:^mtm^\± 1 ns~ 2 0 0 nsA$^^ bV^o 

(A) Saxm^^ : $/U33>>j7 3i/\ (jS^3 5 O/zm^ ^@4-<>f-) 

(B) P-if 

1 0 6 4iim 

v—^ifxat^vvmmw.'.z, i4xio-8cm2 
mt)M\.m^m.: i ootHz 

^VV7.m : 3 0ns 
mtl ; 2 0 // J/7 vv:^ 
I/— if^fcffiM :TEMoo 

(c) m^mu>x 

: 5 0^ 
NA : 0 . 5 5 

(D) mj:-Mm.mi:^mm^ti^mm^(D^mjm. 1 o oinm/'# 

1 0 0 ytdni@lt-?fe S o 
^MaM:i^l 3*s^^^iKiRfcJ;bfl^^^n*:^:.h^^i^^ El 3.|±^ 



48 



wo 02/22301 



PCT/JPOl/07954 



ms 5 0 0/zms 1 0 0 0 ju.m(D^^^'0\f\X±WM^^m Vito 
m^its Nd:YAGl/-1f0^^«'^$;5 1 0 6 4nmfc::feV%Ts i^Un>^© 

m^n^ 5 0 0 jum&.-r0m^. u n v^op^gpr-tt u^-if s. o %m±^i 

?i-rsca:ii^r9'A^So mi 2fc:^-rs^U3>e7i/M I0jp^ti3 5 O/zm"^^ 
MA^^ 17 5 UraO^^lZjfm^tl^o ^om^om^mt. jP^ 2 0 0 umO 

1 l©l^ept?|®:lR^tvs©^±il**T•^D^ {5^^^*s^3li•r^o ^©c^^is 
So ^^^igiJRi3<fcs^i!i^a^:^©B^{i. m^it. mm^^^m:iz^mmm 

^116 6^ (2 0 0 0^4,^) ©^7 2M-':^7 3M© rt:r7#>'Vi/:5^ ix~iffc: 
^B^^^. ^©iflnAs^>U3>I>al/^0^M^^®{c:¥^J3^•rs^ai^cJ:?). 
So Silll^!l!!W^*^^^y::i>'>3i7N©^M^^M{3iijn^g^fc^:lt^ 

mmmi±m 1 2 ic^-r j: -5 fcii*i^t3©^5^^ij{^s^j^*s?i^^^ tiSo iax^^i^ 



49 



wo 02/22301 



PCT/JPOl/07954 



m-f^m^mm.ifiiy^ i o« (w/cm2) m±-e*»o>'vi/;^iiiAs insmT®^{^'^ 

12 (w/cm2) -^^So /1;^xli^im^^lnsJ^^T*s^?t b<v ipsmT*s^e> 
•^mtii^jLm%^-xm (199 7^. 1 1^) ©^10 sm-^i 1 im© 

o 

. mm'] 

^^iil^5'r§fe^^)^:: l^-if 10 1 ^Ml^rs V-'^immmU l Q 2 i:, 1/ 
—^MjOBMrn^^^ b*^o > — !f ^L©^|fl©|ql 9 0" § <fc -5 feilB 
g^ttfc^-f^J^D-r 5/tJ7^5— 1 0 ^V^^n-r y^^^— 1 0 3*^SI^$ 
ixfel/~1f»<^^^-r^^^MV>Xl 0 5 i:. ^3fcMl/>Xl 0 5t?*3fc^ 

^^}fcu~if5fcL*sMl^^tls^IDx^atn*5^g$tLsms^l 0 7 

1 0 7 $X|ft:^[Rll3^m^-fr-g.fei&©X|ftX^-5^ 1 0 9 mU-^ 1 0 7 



50 



wo 02/22301 



PCT/JPOl/07954 



0 7^x#;&OTi&;^iqi{i:ii3^t^^zfa;^iqic^i&^-&Sfei&0Z]ffl:^7^-s^ 11 

mmi 1 ^m^^o 

imm-^^^ ^tizx^).. inxM^ti 1 (D^mz u—^yaLom^j^^-^tt'^ 

X(Y)$ft::^7^-s^ 1 0 9 (111) fc:<J:t)X(Y)$ft:«Fi^fe:^i&^-&;5c:i:fcj:t)ff 

x(Y)iax7^— 10 9 (111) ifi^m^m(D-0iit-^^o 

0 l^;:Mv^s.^:a:i&ST^S^— if^fr> cicDffex Nd:YV04b— ifj?> 

^mmir^m^, Nd:YAGl/-1fs Nd:YV04l/-'ifs Nd:YLFl^— tf^MVA^O 

MTa&So ztt;^7^-$;i 13itu—^^(Dmyt^^mir.Mm.m(Dnm^^iD^ 

u-v^jL^m 10 0 & fc:. mm-^ i o i izmm^iiMtmj:nm.m i ^ rt 
immzji\)mB^'r^tcmzwwtu^m^-t^m^m%mi 1 7i:. ^^^-y^j^p ' 

©if-Axry 119^. ^m^o tr-Ay^ruiy^^' 1 1 9^^5fcMi/> 



51 



wo 02/22301 PCT/JP01/d7954 

tfM^i^>x 12 3 ^m^^o m^m^^ 12 it hxam^itccixctiaxge- 

coupled device)* ^ So tO»f^^^ > 5 ^^-^tf^® 3 bfe"5r 

WJ^?^ 1 2 7 ^ri^s' 1 2 9 ^m^^o mky'-^mmm i 2 5 it 
3 oi^mM.mom^y'-^ ^m^t^o iiom^y^-^ \t±immu 1 2 7 

±immu 1 2 7fc:ti. 1 1 5**^cD7^-^^ »^5*-iS^^ 

1 2 5 (Dm^v^—^MtfiXii Us ^1^x6 07^— ^ bt V— 1f3fe^iM 



52 



wo 02/22301 



PCT/JPOi/07954 



MCDU-Vdft L ^^^"TSl^-if^feMl 0 l^^^-r:g> (SI 01)0 ^^{3, ;(jn 

x^^ife 1 cDjp^ ^M^-rSo P^a)^^^sti«iax^^t» 1 ©JS^^^^tc 
vr. mx.Mm.!^l(D z fft:&|qi©^a&M^^i^"rs (si 03)0 i^- 

j&axm% 1 ^ i/-ifjDx^E 100 ©mg^ 1 0 7 tc:«g-r§o ^ uts m 
^ffl^as 1 1 7ifi^'mm^^m^:^^xmj:-M0.m i^mmt^ (s 1 0 5 )« 

> 5 ^-^tfJnx^^tr 1 ©^ffi3 1 2 1 fciO; 

m 3 {;:iftg-r s i a ^^ji^T^-iJ' ^IH^^S (s 1 0 7 )o 

ci©^j^7^— ^^{c bx z ittxT^— 1 1 3 z ltt:3^iqj©^i&^^;s (s i o 

9)o c:tifc:<t?)x mmm^Ml 1 7©pra3fe©^j^*s^M3{::{j5[g-r:So 
j|^7^->5^^3®^ 1 2 5J±^7^— iJ^tc^-cJv^Ts -©if^^^-rvS^fe^tfSPX 
#^t> 1 ©^M 3 (D^zKm^y^—^ ^mMT^o ii ©M:;*:®^7=— ^ i±^^t:0i# 

1 2 7 ^ift'VX'e—^ 12 9 fc5^&tL> ^itLfc J: D 12 9 fc^if^^^ 

> 5f^J•3£©^[&>«;:ji^^:^)S^^^i^So 



53 



wo 02/22301 



PCT/JPOl/07954 



±ii^MmU 12 7 Ui^i^Xy' :7- S 1 0 3 -^^^titi^mmy^-^ IfiXij 

^^115 l±Cl®Sl;fi7^-^ ^z^c5l^T^ L omtfd^ P ^iDX^ 

m 1 ® W^^K^Mfcis z 1 1 3 ^ii\)mJ:MMmi ^ z 
^S^-frS (SI 1 Do 

iB:rMmai(onmzmm'r^ (SI 1 3)o ^bTs m^Mmai^wm^^ 

^'i'>5fc:?&oTffl{f§c:i:{;ij;Dx Jpxmti 1 ^tJif "T^ (S115)o i 

>5fc:Mll^bTV^5o ^bT> X 1 0 9-^ Y i&;;^5^-$> 1 11^^ 

^«J»f^^^-r > 5 0: a fc:jpx5ttl^% 1 ©i^SPl::?l^^bTVv;So trax^ 
tJ©^if1-^MBf A^Oj^j^As^-S iis Snxmi^^±bii^fi<j/J>^7S:*'^i!jo 

■pTADX^I^tr 1 ^iiisci J: t)> lfcil5e«j/jN^:fe;bT5pxmti l^WI"^ 
^dSl?^§o t), iDX^^ti 1 ©S® 3fc^if^^:^'f > 5 A^.^^ti 



54 



wo 02/22301 



PCT/JPOl/07954 



^{^i{i^^>yr> jEm7^>'t'l'X^>y7'. ^g^^CD^^^g) ©*fe®^ t)^|ql± 

xmti 1 ^<m^ti^m^(DWLi!3^mx.. m^a<D^m^^f^±^'^^ ::tifix 

^Ltlits Ho©l/— if^^l 5, 17, 1 9if>^mm^tltc~'0<DU—'\f^ ' 



55 



wo 02/22301 



PCT/JPOl/07954 



So 7'l/-f3fc3ii52 5, 2 7, 2 9©#>^{:::feV^T|BIb^J^c:IBg^>l7fcl/— 1f3fc 

C^2«?y] . 

y(^miUt.hX liTaOa ifi^fSi^m^ifi^ 0 0//m m^O&mm'l'^ 
(^) ^fflV>TV>§o 

2 oizm^muif'^m^^fi^o mi9Rv^m2o\z^'rmm^^^\f^xmmT^6 

&mm^^:^^^3 lits U^^^tVX<D^:^m^—h (y^)VA) 3 3 fc-^. 



56 



wo 02/22301 



PCT/JPOl/07954 



5=-y r3 7^fc:^^^ttT:feD> Pget--5|llgSgP3 Q om}Z\tm^(Dfm.a ( 8 
0/zm aiS) 3&s^^^HTV^So ®2 0tt. £Em^^e/xA3 l©f^SP 

&^c^ffi«:^•?'>3l/^3 1) ®^i8aiR#'l4^^8iJ^-r^ (S2 0 1 )o %mM.^^ 

tf^ L^ffli>f-r-5v-if5fc^i 0 i^m^r^ (S2 0 3)o m2m 

fc:j3V^TJi^ 10 6 4imi "ea&S/l;i/>^«l[ (PW) MO YAG 

jfjSjl^^tbTV^So CI© YAG I/— 1ft*^ ^V\^7.(Dm^M\^mW.WLifi2 "t? 

/Vl':^ii!Sd5 6ns /^ZbD. /i;i/X:ii:^;i/^i±3 0 0/zJ T$»-5o 
YAG ^-1f*^^ail[*^:h.Sl/— »f5feL©;^Ji<y hgt±, 2 0>t^mgjeT^§o 

^if^^woj^^^^sfl^-rs (S2 0 5)o -©ifm^fer^ojp^j&ssij 
(i/--if)fe L ©AM) *^?,©i/-if^ L ©«:)fci^©^{4a i^mm.) 

(S 2 0 7)o L ©^3fc^©ggifeg (^i&g) TO^^JfeT^I^© 

m-^immisv^^nmi'X. fz.iix\-mmnmm(ow-^(D i/2©a{c^^ 



57 



wo 02/22301 



PCT/JPOl/07954 



D s m^m b >x 1 0 5 x-m^^titz u-v^^ l com^ik q ©{sm d ^-mm 
mm mwrnmMn0m^jSt.v^mmm) ^mmhxm^^ti^o ^©^. x-y-z 

z 1 1 3 tr D^^^tiS) ±t::ffim^nfe«g^ 1 0 7 fc^ 

\yX^a^)\i/'-v^z\:i^n^fifcmmnmiu^mur^ (S2 0 9)0 «iif 
nmsPtomu^^x^}!. mmm%mi 1 n^^it^mmx^x. mm\.tz%^ 

3^^m^-^T7;r-:^vii@^*aa (S2 1 i)o :iz.x\±. imm%mi i 

©^i&<iM?fe^U XT^-i^tKigpi 1 5fc:ttl:^;t- §0 >^7^-^SiJ^iep 1 1 5 
mmy'-^mmm l 2 5 cDtti:^;M^{c:^•^V^T^ Z iW::^^^-^:; 1 1 3 © 



58 



wo 02^2301 



PCT/JPOl/07954 



U—^^ L <©^5te;^0^(j;tfi:9-;^t:J- Z te^-i^ 1 1 3 ^l^~1f)fe L 
gAs^TT-S (S2 1 5)o 

y'-t^ 1 0 gStF Y m:^y'-t^ 111 ^^i&^-fr^S (S2 1 7)o b-1f^«g 1 
0 l}iJ^^,tBI?f^nfcl/~if5fe L Ji^ EI2 2(::^^ti,§c};di::> ^^M^>X1 

fc:^ 8 0/zm) fc:BltPfiEmig^e7niyN3 1 ©F^^fci^^feji^ P ^js^fegf S J: a 

mv'n^T.^yy^ 7^^mir^ftisbiz. mm-^^mm^s Qcomi^m^^tift 

\)s 02 2fc^^tiSJ:ate:s JEMl^^'i; 3i>^n 3 1©^M (l^-lf^te L *SAI(J 

V~1f^Ml 0 l>6tIilt^ttfeP-1f5fc L HS^^'i^aiA3 l©P^gp 
:|^;i/^=~|gmAS^ifM^5^^l^©5te^e5li^^b < {±:)fe^Ma^J^© U 



59 



wo 02/22301 



PCT/JP01fl)7954 



^^IfiULmt^h J; -5 fc: l^-if ^ L ^mmir:S>^ t «t 13 2 4 Rxrm 2 5 id 
WmMMUnS 2(D\^mz:^lir:S>m^}^JSi.V^^(D75:mo^{z^ 

^ L (0^m&$>^\,^itwmMm.um3 2 (D^wjmmi:inmhtcmm^mhx 
uwL<D^'7^y^mm9ifim^^fix\r^<tt^t3^^o u—'tr^L (dm^^m^^ 
^\^^itwmMm.uns 20Bmmm^m<-r^:itizj:y), ^2 etc^^nso: 

-if^fe L <Dmy(i}^0^m:^\^izm^x7mmmm^M!itizf3:^o ^^^y 
<Dmmm^(Dmm^mh^'^:s>^tx%mMmmx^^o ^fe. v-if5fe l © 



60 



wo 02/22301 



PCT/JPOl/07954 



mm 9 im^^fitz^uxmrnir^ (s 2 2 1 )o 

02 8-03 2<^#MbT> mmmmimm\z.^:hwmnmMn<Dmm 
i^-o^^xmm-r^o t^-r. mmomm^^^-y^^-oxi^'p^y^wik^imwu^ 

e7 3./v>~ h 3 3 \z.m^^f\,tz.^xmmmu^mm.^i\,^o wmmm±. 

lK§l5=-^^/^3 4fc:^lll'r§fiEm^A>r;:^5^>j/r3 7 1) 
m^^-^r^o »S^§l5^i';;'^ 3 4{Ci9-||'rs£Em7^n^x^y7-3 7 ,(jBEm^^«^ 
^^^^1) ^WiM^'^^t^ l33 0fc:^#ti.S^afc:> -^ai/N^z-h 3 3(0^® 

3 e^^i&^-a-^^, '>^>'^5^-^3 3ds^^-r^^^{c:ilPff^-h';i/3 6^ci 



61 



wo 02/22301 



PCT/JPOl/07954 



lit. m3 ii;im^ti^^^iz. ^Mt^mmv'^-^^T.^^^fyz T<oi^mz^\,\ 

yy'31\mS['f-^^yifZ^^W^\yX\i^^(OXs 03 2fc:g^^ns<fc^fc:, ^ 

ni— ^g<&fflV^T^ -r:r>:i^T— ^03 2 41^31 B ^M^ttTKi 
§15^^ 3 A^\iiW^\jX\\^BM'ff^^7.^^yy3 7 t. h 3 3fc: 

^^^tvTV^^ffim^^e7x>'^3 1 (mm) t^-f:t>3LT~^^hXl^^o Jfe 

i3bT%«tv^o mmmhizx^-mmMm.un^wmT^j^^thxits ^^uco^ 

y^mmQmM^fix\iy?>un^mmmij^^^ ^"^-i^^w^Q^ 
M^'^x^mMmMn^wmt^^^tifix^^o 



62 



wo 02/22301 



PCT/JPOl/07954 



^mm^S 9cD^^::B^^i^fc^fii©^feMfc::feV^T> fEmm-?'>3i/v3 



63 



wo 02/22301 



PCT/JPOl/07954 



^ih^mmx^x ^^^y^mmo ^m^^^^ zf^< ^c^mtu^wm-r^ ci 



64 



wo 02/22301 



PCT/JPOl/07954 



m^thtc&my'^U y r 3 7 ^IR^I^^i^ y ^ 3 4 IzmM^"^^ ^ o bT % 
J;V^o mSI^^-^ ^/^ 3 4 tcHS^?»>a:y\3 1 ^ijR^^-^fc^lc, jDffi- 
~ hVV 3 6 {3 j; D Hm^^e? jiv'N 3 1 <^^^-r S ^ fe: j; D > •®if:0'ill^ tLfefiE 
m5^/H;^5f=-5^r3 7CD^ffii&$i!Sm5^^y^3 4^c:TMfetl§^:^lC3&t)^ JBE« 

^^^1 2 1 ^bT^^^ffio%©^Mv^s^:^^;I<fc^)^ l/-1f^L 
©-Elf5te^^UMbT7;r-*y^^^ifTa^t3&ST*#^ e:©J^fc:«±. 
n-Tiyti'^^— 1 oa^fflV'>5'f^fc)?)lc:>'N— :7$^— c:o/n— y^^- 
65 



wo 02/22301 



PCT/JPOl/07954 



^i^^^ommifil^-'^^izx:h0^fmj:izxm^-^ti^tcii>, 

66 

■ J 



wo 02/22301 



PCT/JPOl/07954 



ji^-m^mizn'^^tii^x^^o 

m^^titc^7^y^<DiiLW:^xy(ammsm^wissrT^wmj:mt. ^mxxh^ 



67 



wo 02/22301 



PCT/JPOl/07954 



J:t)^ ^^y^^m^^'irx^f^^msn^wmir^^itizx])^ >^»>^(Z)tt 

68 



wo 02/22301 



PCT/JPOl/07954 



>K*>i/^fc:J;:5^-f 5/>^fc:jttT> ^-YS^>i/iIii<fe/Jv^ <1-:S^aiAs-^#, 



69 



wo 02/22301 



PCT/JPOl/07954 



fifi}mBWMizxy)m^^tir^^ ^ y ^ ^zm-oxmrn^wm^ti^cLtiztsii)^ ^ 
mm.tfimibx^<. V4i^>vm. ^'yif:>v^^\^\imummx(D^^>i>^7m 
ifim^T^-^tm^misbxmKtji^o ^fcs yam^mmni^. ^^y^j^ftr^oT 

^m'p-t^tifiRjmttji^o ^fi^omm. ^^mmiz^tiit. mist>x^mR':>M 

'^izyt^'i^Mu^mm'r^iitifix.n^o 

i ^tzs :^mm^m^%^mn<^^m^m^^\^^x^±. ^mm^m^b/oif 

70 



wo 02/22301 



PCT/J*0i/67954 



i/-if ^03teiflai^-r ^;6r(qi{c^i&^-fr§ fz^(om%jmm 



bfe b-if3fc©^^i^^©iqi^*sinxmti©^if^^^-r > ^^&5<fc 



71 



wo 02/22301 



PCT/JPOl/07954 



(A) mJOMM.^ : V v^T.^'^Tst^zE.n (m^ 7 0 0 yWms 4 >f 

(B) : l^-1f 

ytm : ^^^^V-lf l5&®Nfd:YAGl/~1f 
^St:^ : 1 0 6 4nm 

l^~1f3fc;5^3^5^;; h»fM« : 3 . 1 4 X 1 0 -»can2 

m\)M.hmmML : i o otHz 

: 3 0ns 
1/-1f^SM : TEMoo 

(C) mt^miy>:x 



;. ;NA: O-w -S 5 • 
(D) aiX^^%}{j$«®^;Jx5«ff^©^i&3^ : 1 0 Omm/^^^ 




72 



wo 02/22301 



PCT/JPOl/07954 



tifix^^^it ^mmT:s> p ® 3 7 Rxrm 3 8 iiaT.nms<omm^^^ a > 

if3te^MMb-C?f^^^tife^^5/^^*^9^^bTV^^o if=7^y^7.if^^y h:9 0 

-v'^ommm^(D:^^^wmi^^^-f>5tm.^:^%xjvv^ 

^ > 5 ©:;&|qi©ir^{*it;^65/Jv$ v^©^^ ^ ^ -y ^^mM 9 ^fl^^-T ^ © lc0 3 



73 



wo 02/22301 



PCT/JPOi/07954 



wo 02/22301 



PCT/JPOl/07954 



i©v-ifjpx^g2 0 o<Dmmmmmx:^?>o u-irmjmm^o o fcoi^x 
jL h o ■ 

«R^I90gB2 out. 04 lVlmTX^t3:lX4mm^2 0 T^^tSo 1/ 

o 

l/4?gf5|R^®M^^J;afc, mB^mmm2 0 H±l/4MMm2 0 7.(D:^ 
.9 0° liIfelS0eP2O3J±> m4 2lZm'r^^Ui/2^mL2 0 5^^o 

i/2^Mm2 o5i±m.mmn0xmmzMLxm^i'^m%^'o<^mMm.x 
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LPgh^So 9 0" mumm^2 0 3{i. WBrnrnw^^. 0 n^^inim^titzi^ 
-if^Lois^^ 9 0 fzifmrn^^^m^. iy2i&M.m 205^ u-v^l 
®^MJ:K:iBm^-&§i&ft^'rso tfes 9 0'' m^mm^2 o 3(±. i^r^mm 

2 0 5^1/-if3fcL©:)fcgS^ {1rt^t>%. \y-^tftht^l/2^-mL2 0 5 

^-f^P>f OStis 9 0" |iltei@l5eP203*tm*90V?e(t 

0" ^x.«<J;•5^c:@2g^n•rv^§o l/-1fUnx^g2 0 pt±. mupiOKD 
2 1 S^m^o 1 5Jis Xt^-S^I 0 9,1 1 1,1 1 3©^ 

feSo SDx^tnt±$^yr2>^7 3i7\*^feSo :^^yrsio i-^^^^^^rsi 
1 i*t?ttiai sfer^-r^i^j^iub-efe^So 

; v~if^ L ^m^^^mmt^ (s 1 2 1 )o mn^m^m2 0 1 fc::fev%T 1/ 

4 MM® 0 S ^ {c: J; D > ^M©^tP3¥0#R to BP 

3fc EP ^^f^Rcsffty^jsipx^at^ 1 © Y W5^^mmz.'m%=^^=y^ y 5 

©:&IflIi:-i!t'r«J:dfc:atl'rs (S I 2 3)o ^ttJix :^iWlX7^-S^2 1 3* 
TO$"frSc:^<J;!)3i^$ttSo <t-c>T> ^«i::^^-i^2 1 3{i:gfftiliti#^^ 
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Y W;&iqii;^oTinxm% i <£^^xt-^©-e^ 9 o ° (eifeiig&gp 2 0 3 

b~if^^ 1 0 1 if* ^ i/>-if5fc L ^^^^-frTv i/-if^ L ^mjLMmm 1 

t> 1 ®-#:&®tD^^^^ > 5 5 <fc ^ bT> ilOXm^ 1 fc: U-if ^ L 

ff;=?^^-f > 5 fc^&oTioxmi^ 1 (Dp^^i^mmssmmM^Mm-r^ (s 1 2 

7)0 ^^^43^ iSMM^ LP ©l/~1f5fe L ^inx^||/^ 1 fc:MI?f^S:^(±s 04 
5fc:a^-rJ:dK::^c-So 1-^i;t)t>> l^— If^LOitM^LP ©Iql^A^JaxM^e^ 
1 ©taif^^^-f > 5 fciaa «t "5 {ds V-1f5fc L ifimmm.^ 1 fciK^^n^o 
9 0" (flIifeSI0g52 03{::<fct)s l/2S[:^fil2 05 (042) ^V- 
if^ L ©3fe|ft±{c:@ag^H^r^lllf^<fe-r^o ^^R^ipiiSgp 2 0 1 

^ttiij$tifei>-if3fc L ©ii^^9 0° nimm^'^zmw^^t^ (si 2 9)0 

1 3 © X ifii^iRifcistf > 5 fcMiii-r^o 04 6 j±in 
jiMmrnKD^mm-n^^o l ©^#Rng^ ep trntmBcomi^:^ 
j^ifim^nmo 1 ©— #t© x m:^i^i^mmz-mm'¥'^^-( > 5 i^^&a a 
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S (S 1 3 1 )o itMli^ LP L ^Snx^tl 1 fclMHt-r^:^ 

-a^tis ^ 4 7 fci^-r J: a fc: «c S p 

mal-^mm^^ (S13 3)o cittJcJ;Ds JPX^^tFl^s>";n>5=-5/rfc: 
m3^?!|(Z)3^^SiJa^-rSo ^ sialic: J: tlJ^. 04 4:Rtj?®4 6l3^t-J:ai^SD 

ASTf^So c©J:a(c:03^^j7?ii^^7y^^:^^^^fi«j^^ jqx 
m^l©iPXy^tf-K^I^±^-1±;SC:bi&ST*§^, ^fe, Sy3>;;K^{;:fl:$^^ 

§0 -tl^©3^mii^mM-r-5^4#jT*%|^I:^l?feSo 
IB4^J] • 

>^»^^©04^»JfcOV^T^3^Ji:©3te3t^t^I/t>fciteB^^ 04 8t±Cl© 

^-ifinx^g3 0 o©m^^0-?^So V— tf»dx^M3 0 oomm^mo 
a-&> 04Ofcz5"rs3^ajic^sw-ifjnx^g2oo<oi^^^m^^ 
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^^ttSo ^cD^. 1 1 5ifiemy^y'-'t^2 1 3 <^ 9 0 ** ^itiiife 

®Jc:fev^T9 0° m^-r-So c:tLl::J;Ds 0 4 9 J; ^ tils "ri?Jc:9feM^J^ 

u spx^#i^$^u-i>5^s/rfc:^iij'r§o. 

m^Ti::. If R0^^^«R0;lllli::&lqidsiPxm%©^»f^^5-f 
J;^fc:^ Snx^^i^(Dl^^fc:^^^^'^t)-y-TSDX5tt^i^fcV~if^^M^ 
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L^I-L^I^ Liv-uvizm-=>xwmhtcmmmx'$>^o ^iti^omij^^^it^^j: 

mtll ©«©mWCT4 3 c: ^i)S-t t So 
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V^T^' Vl/X tiT V> § jjOxm% 
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wo 02/22301 
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1f^I.©mfc<t§#^l!RiRi&«m h 9 OOifM 

ttj:-ox\ ,^:^mm ^^ irmm 4 1 tiimytj^T?jstv^^0n^i::m^^ tix ssa 



wo 02/22301 
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fix v^ < Jia{^:fev^T %&^ma±p^ t^T^-^^cD^rnxm^^hxi^ < o J: 

^y^X:^yh (Dimity m^ta^WHSrommo^^. •^®f®{c:j3{tS¥JS<4©aS 

<D-tmiii.mjoMm.!&}(Dum^^mvx^-t^^:t%x^^o :^msm'^yzj:ti 

aScM;^ 5^ K 0im©M#*5T? # S ^ ^ tco VSTs ^ ^ 5/ X h o^x 



wo 02/22301 
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-^6iti^^>''?y-iigjf^4 0 1 ^mx^o y-^u~mm^4 o ui, mxm m. 

^®ND(neutral density) y ^ =S-ND y^)\/i/^\/ — *tf ICM t 

2&fe> /ty— igg56P4 0 li*. ifii8SlM3fc©l/-if3fcL©3feftSfc:5ttbTMfife:ia 
fi^ttfc<i^:7 ^ "(g5fe:7 ^ ^ViJ' <fe i^-if ^L©^fft:^I13,t^{3^^<zj^{g 

fft^.'t'iG^fcifllrM©^]^:^ ttii^:7 ^ )]/^-^ lalfe^ -fr-s ci ^ tc: J: D > v-if i 
,0 l:&^^tBllif^tifcl/~if^L©/iy-:^Wr:56 

iSi^^ l/-if^2El 0 l ©l©^4^^U-if©|gi&mm^l^S^^^5#^ 
0-^jT'^Slx-if3fc^fJ|^^l O 2xUm-r^:ih\z^\)^ V-^%Ml 0 1 
*^^ai*r^tt§l/-1fmi0>'iy-^iii5-rs^i:%T?^:So cKoTs V-if^ 
L©/l'7-J*x >iy— Ili5gg4 0 i:S:tJfV-if^3iMWl 0 2©^i>5St< 
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^ D ^ y ^ ^ ^r-. 1 0 3 i:, ^5^>r ^ D >r y ^ ^ — 1 0 3 xKm^thtc u— 

i^>^mnmm4 0 3i±m^mu>xio5a,. losb. loQct^ati 
muwis m%m\y>xio 5 h^^ts^^momuWis m^muyxi 0 5 c:& 

mmU4 0 5 36^f,©m-#fc:^^V^T^JttR4 0 T^Hife^-arSC^icJ; Dx ^ 
^^^>X10 5a. 10 5b> 1 0 5 c<D(t'^^^||<D^^Ml/>X<fe V— If 

js::}b\ uyxmkm^4 0 3iizmmf^fi^m^mu>xom}±3mizm^^ 

W'ri0X^g4 0 0©mgi&l 0 7 t:?iv 0 5 a-1 0 5 c 
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m 6 8 it^mm^ 127 ©— ^jcD-gp^s^^^-rr/n ^y^mx-i^^o ±i$imm 
mi 2 7\t. immim4 i i\ mmm^mmm^ 1 sRv^mm^mm^ 15^ 

^V>Xi0 5as 10 5bv 1 0 5c0V>-rtt*»<fe3^"rSA;^jfc bTfe <^:^r^o 

^Lom^s ±mmmi 2 7izm%mu:yxi o sa. 1 0 sk 1 g sc. 
m(o^-^'$^ifinm^\;i-t^ism4iiy:ix^ 

1/>X1 0 5a. 1 0 5bs 10 5c©#'^fcoV^T^ "ttl^^^tS^^momn 

:amt(Dm.^^t)-^iz^ \)m^^ti^mm::^:t^^y ho-tmifi^^ti^o mx\t 

.^^U-ifil. 2 4x10*/ (W/cm2) -e, iip^iso. 5 Sot^izB^ 

/' 
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^®7^-y;i/J±ll7 0 Izmir X^l:^-^^o m^it. ^^U-^ 1 . 4 9 x l O 

•^s 1/— if*ox:35rife^ii^^fc;^^»xr s 1 o 1 —xt^v r s 1 1 1 ^T*0i&#^ 

m-pif^r. mnm±uyxmmmm^4 o 5 ^iffhxu>xm^mm4 0 3 
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^6^t:gEj^$ttTVv-So 07 2^i-^^^)0^^#|li&b-CV^:So i^fl^MIII^ 1 2 7K: 

®7 3ii, \f:-2i3^^x^v^^5 0 l•j!fimm^tlx\^^m^m^(omy^lm\y>x 
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A>V5 0 lA5i^tt^tlTV^JS:^0^^ffil^>Xl 0 5fc:J::5t/-1f^L©^ 

o 

:^^i^M(Dmimiz^\^^xm5mRxj^mQp\t(Dmm^tpi(L^^^ 

X'^^o v-if;iiDxiig6 0 oti!ia:^j^i) 6 0 i©iiP0:^#^^^^s 
mm^T^^mmm^e o s^mso ^i^oMwe o 3 t^^-f^i^iji^gij 

l2iiz^y)Mm^ti^o 

x^^o i^-vunx^ue 0 oitx:ti^tirc:mnm(D:k^^iz^':3\,yxm^m\) 

>X 1 0 .5 ^^tP^moHPit^/jN^ < :S:S i: a fc^t § - 1 A^r ^ So ^ 
® 7 6li. M^^^?*5BBg^^^x^.^^^v^:^©^^ffi^>Xl 0 5^^:J:s^-- 
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2 7ji>^i'7-^^gg4 1 iRv^mmmmmmA 1 3^ii;?.-So jfi 

® 7 9 \t:i^mmm(D lx~1fiDX^S®fi6©^^j{i^)i^ ^ 1 

2i0yu^y^mx':^:^o ±mmui2n±mnmMm.^4: i gst/f^fann^ 
^<ig54 1 s^mk?>o mi so^mtm^j^^j^its /•^'7-x\m<mum.ifi 
mi^ti^citx^^o mmmm&mmA 1 3c:i±. mi ofc:^i-7^->5^*s^a?) 

1 9 tc:aJc^;^!j^y ^©mM®^^^%A:*t- So 19 
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/So 

^x±iir^o^tii,z^i[}, mmH^4 2 lit, mmmmmmm4 i3iy^^:i(D:t 
^tm\:^m<D-t^iznmT^j'^^-jSLX}'mam,(Dm.^mn'r^o mt^tit^mo 

DMiigue 0 3t:^e,n^o ^^Xs ^<Dm(DJ'^^-jsLxymum(D:k^^izmm 



wo 02/22301 



PCT/JPOl/07954 



Yl^:^y^'-i^<D^mj$M^v (mm/sec) tT^o iltl^<D>(.y^--i^<D^mM^\t 

n=ffv 
p=l/n 

mm-r^^tifix^^o ttjit^-h. mDMvm^^^i (hz) ^.^#.<-r§c 
^<mmx'^^o ^D^gbj^^sic^f (Hz) ^/jN^<'r;s^h^x7^-s? 

o^m^m^v (mm/sec) ^:k^ <ir:s>^tJz^\)^ }^^y'^p^:k^ <mMX^ 

/S>.o 



wo 02/22301 
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m8 1izXfilt\f^y^vi^-tm^y):k^<:^tiX^\). 08 2 fc:<fctL{^lf 

.m-oxmmizwmir:h0ifimmttj:i^, •©ifM©¥ffi'(4^)M<3S;§p 08 . 
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tt^^^m^-frS^^ie * J: v\u Jax^^:i^®^ bT>^ vi/;^ u-if 3fc©^^ 

lag^tlfe^^— 5 1, 53t^ 5 1 5 3t0^fc:ffig^nfcl/ 

W 5 5 ^ ^ ^- 5 1 bom^mU^ fitcQX-i y 5=- 5 9 ^x <^^i^^o U~1f^ 
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7ttj®^?g#gpi 4 1. ^miBWl 4 3 -Rtl^HM^^gP 1 4 5 
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. ^m^^o mmm^u 141 jvv:;^. v-'^^om \)Mhm^B,(D;K'^^jsi. 
rnm^MB 1 4 itt±x&bfe^ (ii=£v, p= i/n.) ^^mviim^^'^mmx 

^-37 1 2 9 fc^^o ^:tiK:<t D> ^-iS' 1 2 9 W±X;!j^ttfcJi^S[^0;^t$ 

■ : Mv^mm0:^^^<D% t'^mm^ti^^m:^^^^y mommifim^^fi^o 

#^1/^-^5^ 12 9 fcjglSo Cttfci J: ^e-^ 1 2 9 t;iJ±aS:W^:l^©M^^^ 

15 mMmM314 lit^ (n=£^v, p= 1/n) :&*MbT3m;^3j?y h^©l^lllt& 

^ 1 0 9s 1 1 l©^i&3tBli:a5cM::^/}fy h^Ojg^i:0ll^^^i2>^^l^^^ 

25 : ^^qr^^bT^)J:V\o CtL^©:^^^,ggg|^#gPl 4 1 ^C:fey^-t±Mbfe^^ 
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i2 9}zmm^'^^tii^(Dmm^n^o 

[ m8 7\±m8mi!::i$^^fi^:^mm^i2 7<D^^izj&(Dm(D~m^^^'r 

(DXiiiiz^^mMmMUi 4 9it±m^^y'-:r)v:t&^hx. z(Dmmo:k'^ 
^t^^tzi^oxy'-p^mmm^mmt^o ^(Dmxim\)MLmmm\mM 
x^?>o mmmm^i 4 9imm^titc:y''-'^^:^y'-i^mm3i x^i^m^o 

tifiX^^o i:i<D7.y'—P^mmm<DX^^<0y^-'$^it'^:=-'^ t2 9}Z^m^tl 
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m.h'^t>'^mmi> 151 \±mM-^ ntc^-^ ^ u-'irt^mpmm 102 
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m^j^\). m^^mmmm::^^^^^ homm^mm-^^^o m:LMM.miom^-^ 

^^fc:<^:D^ iJ^^^/^J^^j^g (9A) *s^if^^^-r > 5 fc^&oTJnx^l^tH © 
^^9 ( 9B) > 5 fc:?&oTJnxmt> 1 ©F^gPOOTSf^fjefc: 

^S'tJ^^i^gA (9B) ^P?>;J7^y^^:^9B (9A) ^|ql^ i^^s/^^^9B){^ 
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fc:^ iy ^i7^:^9 B<fe?|^^"r §0 AI[^®^^:M bT^£V^;^ P>m^ ^ ^ s^^^:^ 9 
^tl^^^^^;^^^:^9:^±&-^3?]^^■r^^:i:^^•t!#^cv^o c:n^::#bT^ AliTM 
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•^iujimmi 0 0 tmm<Dm^^hx\^^:ho m9miz:i5\^\xzm:^y'-t^i 13 
10 by PiK^s mtf6}^^tuj:.MM^ 1 0m^:^fniiz:^i\xm^0^^(D^m 

mmiz->\,^xm9 3j&x^m9 4^m\^^xmmT^o :^mmmom9i^m±mj: 

M) ^^thxmjoMMLmom'^ommoiSLmizmmiyX^^^^o m9 3itiy- 
. v'm^om^j^pmuJLMM.m lomms iz^mLx\,\:i>^m^^Lx\^y^o m 

20 l€)i^gptc::fe»t<5^i&fiiiNzT-^'S (NitU—V'Mj^Mir^mJlMM.^lom 

i3ltSmM©^g*^M3*^&iDX^#>/^l® (Nz) ai-rSo 

25. :i(Dmk (Nz) ^±|B®*f¥ (N) T-l^t^^SClilfc.kDff^nfc^ilg (z) 
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T> l/-1f ^LO^^j^ife^M 3 (c^g-r ^ a fc: ly-ifjpx^g l Jiii^^ 
tiTvv^o ^fe, ±wnYM^i 2 7t±s^9 3;Rpf^9 4*eiS^b7fe^i&Jt (z 

l^ifell y 3 > 3: A-^^ -5 o 

SI 0 1 5{;:^-r^l^J©;;^^>yrsi 0 1 ^I^ICT-^^So iJ: 

LTx iinx^iK» 1 ® z fili:;^|qi©^i&s (z) ^^-rs (s i o 3 )o c 

1 ©^® 3 fcl^jigt- § L ©^^;j^:i&^i: bfetlPX^i^ 1 © 

z Wi:&|qi©^i&:g'^fe^<, p*t)> Snx^^i^ 1 ©jpa^jL;^i^{c:ifejt^^^;^ p 
©^Jig*s^^^ix^o P ©{4g{*ipx^^ti l©jp^^ ^M^^#Mb 
T$^f §0 :*:^iW^-^JiiPX^^tH ©rtgp©a®f^7£fc:*3fcji^ P ^<&M 
.^^Sfei&©^ l^ifrg©7^-i$ri:^M3#J£fc:^^j^ p ^{4g^^^fci6© 

y :7' s 1 0 5 2it>";;^7^ y r S 1 0 7 1 biz^fm l M©X5^ r S 1 
-^U:^y'~-i?mm^i 1 5Jcm^>tl^o :^7^-S^aifPgP 1 1 5 lis ^(Om^T" 

-^^m^cx^x z m:^y'-i?i 1 3^ z |ffi;&iqi©^i&^'^§ (SI 09)o ^:ti 



wo 02/22301 
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fc: J; t)s mmm^m 1 1 icD-mmtcomj^i^mmsviiiLm^^o z i 

5 r y'--^\t±i^mmm i 2 7 ^^^LX'E^.^ 1 2 9i33^^^x, Cltltc J; D 1 

10 ifim:mmm lop^nii'^^&m.^. z 1 1 a j: ujox^tf i ^ 

Zfili;&|qll3^m^-&^ (SI 1 l)o ^(Di^^©fi^gi±iDxm^lo*®r^^ 

if^^^-r > 5 i^i^a «fc a fcispni^^tf 1 oi^gptcB^f § (s 1 1 3 )o ^iii 

^fefcs r S 1 1 1 }imWi^ b*r0 2 ^®fS©7*-^ {c:^':5 v^T. l^-if 
)fc L P A^jpx^^tf.l ©p^|a5cD^M3{>f?ai:J&§'fs5[g{c. Z fftXT^- 

1 1 3 J; t)jDxm% 1 ^ z «i:;&iRjtc^i&^-&s (s l l 5 )o ^ ;^ 

; .7^>yr s 1 1 3 ^nat^uTSnx^^ti i (Dnmzmmmmmm^w^m'^ (s 
20 117)0 ^0;^7^^y7T-tt^j|y8LiiM*^3bsSnxmtii0i*!^©OT3{^^ 

M.mi^mmT^ (SI 1 9)0 fiox^l^tJl^e^Ua^^^^yrfc: 
25 :$:^SSfl5ll©^9#!I©^^^m^^§o ^9^J{c:J;:Jx]i3JcSt^m^AII*;^|qIfc 
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■^Mo ^ m%^\tmjiimm i (ow-^-y3mzii\^xm-3i^<D^^'^(oj&M 

Ut v^^p ^ ^ -J'^:^ 9 ^inx^^% 1 <Dm^:^^vi^^^xM^(0^^(D{im 

^ ^ y ^ 9 1 3 (^® 2 1) ^©m^^ Jt«S5fi<]:S < ^ ^ 

® 9 8t±®9 6 t-mm^^mmrmomi om^%^^y—^n\:ii'M^^m\^x 
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3(D^mifiitm^M^^<DX\ ^^^i^'^ 9 i(DmMi:^Ho-m^fi^^ <x^^o x 

3 05^5/lf>i7®MHt:feDs i!l»f3li^*sM<3S;So 
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mi 0 0 9 6 tmmiz:i^mmmm(Dm i om^m^ i/-ifsox:^r^:^Mv> 

lftii;&iRi©^^ ^^J^ 9 ©^gi:YiW:^it© i^^;^ g ©-ffegh ^M^fe ^ -fr 

§ ^ V xift;5-(qi© 1^ ^ y tj'^^ 9 trmy^i^o^ ^^y^mM9.t ifim^-r^ © * 
m^f},^ ^ =7 ^y^mM 9 ^ y ^mrn 9^t> ^mm (xmm) 

^'yv^m!m9^ \) *mM2 lMfc?f^fig-rsi:v Xi&;^i^©-©ir®i:Yfa:3&|qI© 
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-ifinx^gi 0 otmm<i>mf^^vx\^^/s>o mi oi^i{z^\,\xzmy^y''-t^i 
(^M3) izmmmy.itm\r^iSLmiizmmLr::\)s m^(Dv^^^0iiL 
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m 1 0 mJc^i^^x^wMy'-^ismm 1 2 5 ti> ^y^-^ ^^fc hxmmm 

#-r^o CICD^^^T^^— i^'^^iCbT;^^^— $^0J^ia51 1 5 *szfft>^7^— 1 1 3 
^ji^*s^M3 {effect- ;5ZW;^ 1 1 3cD&Mfc:i5V^T^ l^—if^fcL©^^ 

±mmmi27\t. m sRv^mQ 4:xmmLtcmm& (z) oy'-^ifix 

1 2 7. 1 1 5;Rt;fZttX7^-s^ 1 1 3 b.^^ffli^>X 1 

ic^mi5^^Tmimo:^'T^yy'si0 3}immi!^Lx.m 
^m^^-t^o m^(DWi^m'Rxm:£-Mm.m i<Dm^^^&itzhx. snxmti 

25 l0Z«(qj©^i&M (z) ^^-r^ (S10 3)o .^tlti. 

^ P i&S]&px^^i^ lcD|^^fc:^fi[g^-^^fc«6l3s tinxM^tH©aM3fc:^^ 
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■ Xt^ y r S 1 0 5 Stf Xt^ r S 1 0 7 {i0 1 5 fcl^f-^ 1 ^JOXt^ 5/ r s 1 

0 5stKX7^«yr s 1 0 7 i^m^-^afeSo X7=^s/r :S 1 0 7-^mm^fhtcm}ky^ 
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